ABSTRACT Oil-coated clear panel traps baited with a host plant-based kairomone lure have successfully been used for monitoring female grape berry moth, Paralobesia viteana (Clemens) (Lepidoptera: Tortricidae), but low capture rates as well as difÞculty in servicing these traps makes them unsuitable for commercial use. We compared the performance of different trap designs in a ßight tunnel and in a vineyard by using a 7-component synthetic kairomone blend, with a focus on trap visual cues. In ßight tunnel experiments, a clear delta trap performed better than other traps. When we tested clear delta, green delta, or clear wing traps baited with a cut grape shoot, Ͼ50% of female grape berry moths made complete upwind ßights. However, the clear delta trap was the only design that resulted in female moths entering the trap. Similar results were observed when females were tested with different traps (clear delta, green delta, white delta, clear wing, or green wing traps) baited with the kairomone lure. Adding a visual pattern that mimicked grape shoots to the outside surface of the clear delta trap resulted in 66% of the females that made upwind ßights entering the trap. However, the positive effect of adding a visual pattern to the trap was not observed in a vineyard setting, where clear delta traps with or without a visual pattern caught similar numbers of females. Still, the number of male and female grape berry moths captured in clear delta traps with or without a visual pattern was not signiÞcantly different from the number of male and female grape berry moths captured in panel traps, suggesting that the use of these delta traps could be a less cumbersome alternative to oil-coated panel traps for monitoring female grape berry moth.
For many lepidopteran pests, monitoring the ßight activity of females is advantageous, as their behavior is more directly connected to damage than that of males. The success of this strategy depends on 1) the identiÞcation of olfactory cues to develop attractive lures, often kairomone-based, targeted for female moths (Hern and Dorn 2004 , Natale et al. 2004 , Knight and Light 2005 , Tasin et al. 2007 , Cha et al. 2008a , Anfora et al. 2009 ); 2) the development of efÞcient trap designs, often with the integration of visual and olfactory cues (Epsky et al. 1995 , Schmera et al. 2004 , Leskey 2006 , Piñ ero et al. 2006 , Van den Berg et al. 2008 , Knight 2010 ; and 3) understanding the behavior and ecology of the insects in the Þeld (Tobin et al. 2001 , Botero-Garcé s and Isaacs 2003 , Finch and Collier 2011 , Loeb et al. 2011 .
Currently there is considerable interest in using kairomone-based lures to monitor the females of pests such as Cydia pomonella (L.), Grapholita molesta (Busck), Lobesia botrana (Denis & Schiffermü ller), and Paralobesia viteana (Clemens) (Ioriatti et al. 2003 , Hern and Dorn 2004 , Knight and Light 2005 , Landolt et al. 2007 , Anfora et al. 2009 , Piñ ero and Dorn 2009 , Loeb et al. 2011 . To monitor female grape berry moth, Paralobesia viteana (Clemens) (Lepidoptera: Tortricidae), a major pest on grapes in the eastern United States, we have identiÞed a host plant-based 7-component kairomone lure (synthetic grape berry moth lure) that was as attractive as the host plant in the ßight tunnel. This blend of plant odors has been successful in monitoring phenology and movement of female grape berry moth populations in Þeld experiments (Cha et al. 2008a , Loeb et al. 2011 . For these studies, an oil-coated clear panel trap design (modiÞed from panel trap design described by Knight 2000) was chosen based on the greater performance of the panel traps compared with more easily deployable and commercially available white delta or red ball traps (zero grape berry moth captured) baited with the synthetic grape berry moth lure (Cha et al. 2008a ). However, oil-coated panel traps are time-consuming to deploy and maintain (Knight 2000 , Loeb et al. 2011 . Moreover, even the panel trap was low in capture efÞciency (i.e., the proportion of insects actually being trapped compared with insects being attracted to the trap), capturing only Ϸ20% of female grape berry moths that ßew upwind toward the trap in the ßight tunnel (Cha et al. 2008a) .
Herbivorous insects rely on multimodal integration of sensory cues in the host location and selection processes, and visual cues can play important roles, especially at close range (Duan and Prokopy 1992 , Schoonhoven et al. 1998 , Raguso and Willis 2002 , Hebets and Papaj 2005 , Gilbert and Kuenen 2008 . Thus, we hypothesized that optimizing visual aspects of a trap might improve capture efÞciency of grape berry moths. This hypothesis has been supported in studies with kairomone-and pheromone-based lures, indicating that manipulation of the visual aspects of trap design or bioassay arena, such as color, transparency, and shape, can improve capture or attraction (Quartey and Coaker 1992 , Foster and Muggleston 1993 , Epsky et al. 1995 , Cornelius et al. 1999 , Knight and Miliczky 2003 , Athanassiou et al. 2004 , Schmera et al. 2004 , Blackmer and Cañ as 2005 , Hogmire and Leskey 2006 , Knight and Fisher 2006 , Leskey 2006 , Knight 2010 . In addition, it has been shown that grape berry moth exhibited greater levels of upwind ßight and landing when visual patterns that mimic leaves and stems of grape vines were added to the ßoor and ceiling of the ßight tunnel (Cha et al. 2008b) .
In this study, we Þrst used a ßight tunnel to compare different commercially available trap designs that are less cumbersome to service than panel traps (e.g., delta and wing traps), with a focus on different visual cues of traps (color, transparency, and visual pattern), to select a trap design that could improve the capture efÞciency of female grape berry moths. SpeciÞcally, we wanted to determine whether adding a visual pattern on the top and bottom of a trap could improve the proportion of female moths that enter the trap. We then Þeld-tested the best trap design by using the synthetic grape berry moth lure and compared this to the oil-coated panel trap.
Materials and Methods
Insects. Grape berry moths were reared in cages placed in walk-in environmental chambers at 26ЊC, 60% RH, and a photoperiod of 16:8 (L:D) h (Cha et al. 2008a) . Adult moths mated freely in rearing cages (45 cm in height by 77 cm in width by 45 cm in diameter) and oviposited on seedless grape (Vitis vinifera L., ÔRed FlameÕ). Larvae were reared on semisynthetic diet (Nagarkatti et al. 2000) consisting of grapes, pinto beans, and commercially available tobacco hornworm [Manduca sexta (L.)] diet (Bio-Serv, Frenchtown, NJ). To minimize any potential effect of laboratory rearing on the behavior of moths, colonies were reestablished once a year by using larvae and pupae collected from commercial vineyards in July or August.
Plants. We used greenhouse grown Vitis rotundifolia Michx. vines that were previously shown to be similarly attractive to grape berry moth as Vitis riparia Michx. in the ßight tunnel (D.H.C., unpublished data). All grape plants were grown in 5-gal pots Þlled with a mixture of sand, peat moss, and Vermiculite. The greenhouse was maintained between 21 and 26ЊC and supplemental light was provided to extend the day length to 16 h. Pots were fertilized weekly with watersoluble fertilizer (Peters 20 Ð20-20, Scotts-Sierra Horticultural Products Co., North Charleston, SC).
Chemicals and Synthetic Blends. All synthetic compounds used (linalool oxide [1:1 mixture of (E)-and (Z)-isomers], nonanal, decanal, and ␤-caryophyllene), except two (4,8-dimethyl-1,3[E] ,7-nonatriene [DMNT] , and germacrene-D), were Ͼ97% in purity and obtained from Sigma-Aldrich Inc. (St. Louis, MO), Alfa Aesar (Ward Hill, MA), Fluka (Buchs, Switzerland), or TCI America (Portland, OR). The DMNT was synthesized by oxidation of (E)-citral and then by Wittig reaction (Greenwald et al. 1963 ) as a mixture of 95% (E)-isomer and 5% (Z)-isomer. Germacrene-D was isolated from golden rod (Solidago spp.) as 91% germacrene-D and 9% ␤-caryophyllene. The grape berry moth kairomone blend was composed of a racemic mixture of (E)-and (Z)-linalool oxides (LO, 7%), nonanal (N, 13%), decanal (D, 27%), DMNT (T, 33%), ␤-caryophyllene (C, 3%), and germacrene-D (G, 17%) (Loeb et al. 2011) . For ßight tunnel experiments, the blend was prepared in the ratio given above at 0.1 g of total compounds in 1 l of hexane with 300 l of the blend loaded (30 g/ septum) to a rubber septum (10-mm-diameter white rubber septum, Kimble Kontes, Vineland, NJ). The rubber septum (loaded with the blend or hexane control) was attached by a pin in the center of the top portion of the trap. For Þeld trapping experiments, the blend was prepared in the ratio given above at 4 g of total compounds in 1 l of hexane with 250 l of the blend loaded to a rubber septum (1 mg/septum) and at 1 g of total compounds in 1 l of hexane with 250 l of the blend loaded to a rubber septum (250 g/ septum). Clear delta traps were baited with one rubber septum loaded with 1 mg of chemicals. Panel traps (see "Traps" section below) were baited with six rubber septa. Three low dose septa (250 g/septum) were used for the top three lures, and three high dose septa (1 mg/septum) were used for the bottom three lures as described in Loeb et al. (2011) .
Traps. In total, six commercial and modiÞed traps were tested in ßight tunnel experiments: 1) white Suterra LPD delta trap (Suterra Corp., Bend, OR), 2) green delta trap (LPD trap with green spray paint [Fusion for Plastic paint, no. 2327 Spring Grass color, Krylon, Cleveland, OH] applied to outside surface), 3) clear delta trap, 4) white Tré cé wing trap (Tré cé Inc., Adair, OK), 5) green wing trap (wing trap with green spray paint applied to outside surface), and 6) clear wing trap. The color of the Þnished green trap was characterized as hue 10GY, value 1, and chroma 4 (Munsell Color 1976). Clear delta traps (Knight 2010) and clear wing traps were made of the same dimensions as the commercial delta and wing traps, respectively, using semirigid UV-stabilized Þlm (0.25 mm thickness; W.J. Dennis Co., Elgin, IL). Similar to Knight (2010) , a 8-by 9-cm shield constructed from red paper (Boise Paper, Bensenville, IL), color characterized as hue 7.5R, value 5, and chroma 18 (Munsell Color 1976) , was stapled at the center of the top ridge of the clear traps. The clear delta trap was modiÞed further by applying visual patterns mimicking grape shoot tips (thin stems and small leaves), the most attractive part of grape vine for female grape berry moths landing in the ßight tunnel (Cha et al. 2008b ), on the top and bottom surface of the clear delta trap (Fig. 1) . Green color paper (Boise Paper, Bensenville, IL) was cut in small triangles (Ϸ2.5-by 4 cm) and light green color paper (Boise Paper) was cut in strips (Ϸ0.4-by 12 cm) and applied on the outside of the trap by using self-adhesive laminating sheets (www.avery-.com). The color of the green triangles was characterized as hue 10GY, value 2, and chroma 6, and light green strips as hue 5GY, value 8, and chroma 12 (Munsell Color 1976) . Traps were baited with a grape shoot tip (15 cm, cut and immediately put in the water-pick just before the test), placed on the bottom surface of the trap, or a rubber septum (loaded with 300 l of the 7-component synthetic blend [0.1 g/l] or 300 l of hexane [control] ), attached by a pin inserted through the top, in the middle of the trap. White and green Tré cé wing traps were manufactured with sticky glue preapplied. Clear delta traps were tested without sticky inserts.
In the Þeld trapping experiment, the relative performance of the oil-coated clear panel trap (modiÞed from the trap described by Knight 2000) was compared with the clear delta trap with or without a visual pattern. The clear delta trap (with or without visual pattern), with a sticky insert (white sticky insert or clear sticky insert; Suterra Corp., Bend, OR), was baited with a rubber septum loaded with 1 mg of the grape berry moth synthetic lure. Sticky inserts were replaced as needed. Panel traps were prepared and maintained as described in Loeb et al. (2011) . Brießy, a clear panel trap (30 by 30 cm) was prepared by overlaying multiple layers of plastic sheets (Kittrich Co., La Mirada, CA) with each sheet coated with STP Oil Treatment (STP, Ft. Lauderdale, FL). Six holes (2.5 by 2.5 cm) were made into each trap in two rows (three each on top and bottom), with a rubber septum attached to each hole with a metal pin. Each week, one layer of plastic was removed from each side of the panel trap, thereby exposing clean sheets. New sets of plastic sheets were installed as necessary during the trapping period.
Flight Tunnel Bioassays: General Protocol. Flighttunnel assays were performed using 5-d-old female grape berry moths as described previously (see Cha et al. 2008a ). The ßight tunnel (2 by 0.6 by 0.6 m) conditions were as follows: wind speed at 0.25 m/s, light intensity at 25 lux, temperature at 23.3ЊC (Ϯ2.41 SD), and relative humidity at 54.2% (Ϯ8.59 SD). Tests were conducted during the Þrst 2 h of the scotophase period. An individual moth was released from a metal screen cage located 1.5 m downwind of the target, hung at the upwind end in the center of tunnel. For each moth, we scored the following behaviors: 1) "left cage" (when they left the release cage); 2) "partial upwind ßight" (when they made Ͼ50 cm of zig-zag upwind ßight, a similar behavior as observed with male grape berry moth ßights to a sex pheromone lure; 3) "full upwind ßight" (upwind ßight within 10 cm of the target); or 4) "landing" (directly ßy into trap and landed on the trap ßoor). At least 20 moths were ßown to different traps baited with grape shoots and at least 30 moths were ßown to different traps baited with synthetic lure, with 7 to 10 different females tested to a trap design in a ßight tunnel experiment. No moths were ßown more than once.
Flight Tunnel Experiment 1. We tested whether female grape berry moths showed different levels of upwind ßight or landing response to different types of traps (green delta, clear delta, and clear wing traps) baited with a grape shoot, to which female grape berry moths display high levels of upwind ßight and landing in the ßight tunnel (Cha et al. 2008a) .
Flight Tunnel Experiment 2. We determined whether female grape berry moths showed different levels of upwind ßight or landing response to different types of traps (white delta, green delta, clear delta, green wing, and clear wing traps) baited with a rubber septum loaded with the 7-component synthetic kairomone blend (Loeb et al. 2011) .
Flight Tunnel Experiment 3. We measured whether adding a visual pattern to the outside surface of the trap further improved female grape berry moth captures. Based on ßight tunnel experiments 1 and 2, the clear delta trap was chosen for this experiment. Traps were baited with a rubber septum loaded with the 7-component synthetic kairomone blend.
Field Trapping Experiment. We compared the relative performance of three different trap types for capturing female grape berry moth. The trapping experiment was conducted in two grape blocks (cultivar ÔNiagara,Õ Vitis labrusca L., and cultivar ÔCayuga White,Õ V. vinifera interspeciÞc hybrid) at a commercial vineyard in the Finger Lakes region of central New York, from 10 May to 16 September 2011. Treatments were 1) clear delta trap without visual pattern (baited with a rubber septum loaded with 1 mg of the synthetic blend), 2) clear delta trap with visual pattern (baited with a rubber septum loaded with 1 mg of the synthetic blend), and 3) oil-coated clear panel trap (baited with three rubber septa loaded with 250 g (top row) and three rubber septa loaded with 1 mg (bottom row) of the synthetic blend). A randomized complete block design was used with four replications (two blocks each at Niagara and Cayuga White sites). Each replication consisted of two panel traps, two clear delta traps without visual pattern (one trap with white sticky insert and one trap with clear sticky insert), and two clear delta traps with visual pattern (one trap with white sticky insert and one trap with clear sticky insert). Traps were placed at a height of 1.5 m, and were at least 10 m apart on the edge row of the trellis in each vineyard. Captures were recorded two times per week and synthetic lures were replaced monthly.
Statistical Analyses. For ßight tunnel experiments, the attractiveness of different trap designs was analyzed using generalized linear models with the proportions of behaviors of left cage, partial or full upwind ßights, and landing as dependent variables and different trap designs as a Þxed independent variable by using binomial distribution with logit link function and maximum likelihood estimation (PROC GLIMMIX, SAS Institute 2009). Contrast statement in Proc Glimmix was used to test the difference between two means when necessary. In this analysis, some trap designs resulted in a perfect prediction of a dependent variable, resulting in quasi-complete separation in logistic regression analysis (Allison 2001) . In other words, female behavioral response to some speciÞc trap designs was either 0% landing or 100% left cage, making estimating standard error for those treatments impossible (Allison 2001 ). We did not report standard errors for the variables with quasi-complete separation, but still retained those variables in the model, as likelihood-ratio tests generate valid test statistics (Allison 2001) . For Þeld trapping experiments, male and female trap captures were analyzed separately using mixed analysis of variance (ANOVA) with repeated measures, with block as a random factor and different trap design and trapping period as Þxed factors (PROC MIXED, SAS Institute 2009). Trapping period was divided into three time periods, early (May to the end of June), mid (July), and late (August to early September) , that approximately match the timing of three generations of grape berry moth typically observed during the growing season (Loeb et al. 2011 ). For each trapping period, the total number of male and female moths captured per three different trap types (panel trap, clear delta trap without visual pattern, and clear delta trap with visual pattern) were summed by blocks, as the preliminary analysis of the effect of the type of sticky insert on trap capture was not signiÞcant (F 1,3 ϭ 0.68, P ϭ 0.47 for females; F 1,3 ϭ 0.30, P ϭ 0.62 for males). Moth capture data were (log ϩ 1) transformed to improve normality and homoscedasticity (Zar 1984) . The means were compared using the TukeyÐKramer test.
Results
Flight Tunnel Experiment 1. Green delta, clear delta, and clear wing traps baited with a grape shoot induced similar levels of "left cage" (85% [Ϯ4.9 SE]; F 2,3 ϭ 0.03, P ϭ 0.97), "partial upwind ßight" (67% [Ϯ6.7 SE]; F 2,3 ϭ 0.63, P ϭ 0.59), "full upwind ßight" (57% [Ϯ8.1 SE]; F 2,3 ϭ 0.33, P ϭ 0.74), and "landing" (13% [Ϯ 6.7 SE]; F 2,3 ϭ 0.79, P ϭ 0.53) (Fig. 2) . As suggested by the low landing response, most females that approached within 10 cm (full upwind ßight) of the trap did not go into the trap. Still, numerically and qualitatively, the clear delta trap performed better than the others: 22% of moths tested entered the clear delta trap (38% out of the 59% of females that made full upwind ßights), whereas 0% of females that made full upwind ßights toward the green delta trap (44% full upwind ßight) or clear wing trap (60% full upwind ßight) entered these traps (0% landing) (Fig. 2) .
Flight Tunnel Experiment 2. Overall, green delta, white delta, clear delta, green wing, and clear wing traps baited with the synthetic grape berry moth lure induced similar levels of "left cage" (96% [Ϯ 1.6 SE]; F 4,13 ϭ 0.12, P ϭ 0.97), "partial upwind ßight" (72% [Ϯ 2.9 SE]; F 4,13 ϭ 0.31, P ϭ 0.87), "full upwind ßight" (60% [Ϯ 3.4 SE]; F 4,13 ϭ 0.74, P ϭ 0.58), and "landing" (Fig. 3) . Similar to results from the Þrst ßight tunnel experiment, most females that made full orientation ßights did not go into the trap. Trap entry ranged from 0 to Ϸ8% depending on the trap type tested. Clear delta traps induced numerically highest entry rate (8%) among different traps, with 13% out of the 63% of females that made full upwind ßights entering the trap (Fig. 3) .
Flight Tunnel Experiment 3. Clear delta traps with or without a visual pattern did not differ in eliciting "left cage" (94% [Ϯ2.2 SE]; F 1,10 ϭ 0.00, P ϭ 0.98), "partial upwind ßight" (73% [Ϯ4.2 SE]; F 1,10 ϭ 0.12, P ϭ 0.73), and "full upwind ßight" (65% [Ϯ4.9 SE]; F 1,10 ϭ 0.21, P ϭ 0.66) behaviors by female moths. However, clear delta traps with a visual pattern elicited signiÞcantly greater levels of "landing" response (45%) compared with the clear delta trap without the visual pattern (8%) (F 1,10 ϭ 12.83; P ϭ 0.005), with Ϸtwo-thirds of the females that made a full upwind ßight (68% full upwind ßight) toward the clear delta trap with visual pattern entering the trap and landing on the trap ßoor (Fig. 4) . All moths that entered the clear delta trap with visual pattern ßew directly into the trap while continuing the typical zig-zag orientation ßight.
Field Trapping Experiment. Over the trapping period, capture of adult grape berry moth was low for all three trap types in 2011. The clear delta traps without visual cues captured a total of 13 grape berry moths, whereas the clear delta trap with visual cues captured a total of 20 grape berry moths and the oil-coated panel traps captured a total of 36 grape berry moths. No signiÞcant differences were found for either sex (females: F 2,6 ϭ 0.13, P ϭ 0.88; males: F 2,6 ϭ 1.16, P ϭ 0.38). Nor were there any signiÞcant differences among trap types in the number of male or female grape berry moths captured within each of the three trapping periods (Fig. 5 ). There was a signiÞcant effect of the trapping period on the number of female grape berry moths captured (F 2,6 ϭ 10.13, P ϭ 0.012), with signiÞcantly greater numbers of female grape berry moths captured in late trapping period compared with early trapping period (TukeyÐKramer test, Fig. 2 . Flight responses (% Ϯ 1 SE) of female grape berry moths (N ϭ 46) in the ßight tunnel to three different types of traps baited with a Vitis rotundifolia shoot. Partial upwind ßight was recorded when grape berry moth made Ͼ50 cm of zig-zag upwind ßight toward the target. Full upwind ßight was the upwind ßight to within 10 cm of the target. "ns" indicates that the global test for the null hypothesis (no effect for trap designs) is not rejected. Standard errors for the variables causing quasi-complete separation are not given in the Þgure. Fig. 3 . Flight responses (% Ϯ 1 SE) of female grape berry moths (N ϭ 144) in the ßight tunnel to Þve different types of traps baited with a synthetic lure previously identiÞed attractive to female grape berry moth. "ns" indicates that the global test for the null hypothesis (no effect for trap designs) is not rejected. Standard errors for the variables causing quasi-complete separation are not given in the Þgure. Fig. 4 . Flight responses (% Ϯ 1 SE) of female grape berry moths (N ϭ 92) in the ßight tunnel to a clear delta trap and two modiÞed clear delta traps baited with a synthetic lure previously shown to be attractive to female grape berry moth. "ns" indicates that the global test for the null hypothesis (no effect for trap designs) is not rejected. "*"indicates that the global test was statistically signiÞcant. Standard errors for the variables causing quasi-complete separation are not given in the Þgure. P ϭ 0.011) (Fig. 5) . There was no signiÞcant interaction effect of trap design and trapping period on the number of male or female grape berry moths captured (female: F 4,12 ϭ 0.40, P ϭ 0.804; male: F 4,12 ϭ 2.60, P ϭ 0.089).
Discussion
Results from the ßight tunnel experiments suggest that the clear delta trap could be more efÞcient at trapping female grape berry moth compared with other trap types tested, and that adding a visual pattern that mimics grape shoots to the outside surface of the clear delta trap baited with a kairomone-based grape berry moth lure could signiÞcantly improve performance. The effect of improving trap performance in the ßight tunnel by making the delta trap clear was also suggested in the Þeld. In the vineyard in 2011, the clear delta trap was successful in capturing some male and female grape berry moths. Although not directly comparable and still quite low, this is an improvement over zero grape berry moth that were captured with white delta traps baited with the same lure in a previous Þeld experiment (Cha et al. 2008a ). In addition, the clear delta trap captured similar numbers of grape berry moths compared with the numbers of grape berry moths captured by the panel trap. These results are consistent with the hypothesis that optimizing visual aspects of a trap can improve the trap capture efÞ-ciency of grape berry moths. However, the signiÞcant improvement resulting from adding a visual pattern to a clear delta trap in the ßight tunnel did not translate into the Þeld in our trial. Although clear delta traps with a visual pattern did follow the same trend from results of ßight tunnel experimentsÑ capturing over 50% more grape berry moths than clear delta traps without visual patterns (13 versus 20), it was not statistically different.
Results from previous Þeld trapping experiments suggested that panel traps baited with kairomone grape berry moth lures are an effective tool to monitor female grape berry moth populations in a vineyard for research purposes (Cha et al. 2008a , Loeb et al. 2011 ). However, they required frequent maintenance and were difÞcult to service, making the panel trap impractical for commercial purposes. In this study, female grape berry moth captures in clear delta traps, with or without a visual pattern, were not signiÞcantly different from female captures in oil-coated clear panel traps, and all else being equal to conditions of previous Þeld trapping experiments (Cha et al. 2008a , Loeb et al. 2011 , could provide an alternative, more easily deployable, trap for Þeld monitoring. In addition, clear delta trap required a lower quantity of kairomones than the panel trap (1.0 mg in a single lure for a clear delta trap versus 3.6 mg in a panel trap), which could make trap system more affordable. The low overall number of grape berry moths captured in either type of delta trap under vineyard conditions remains a serious obstacle to commercialization, however. Improvement in trap capture by making traps clear has been shown with other insect pests. For example, clear delta traps baited with pear ester caught significantly more Cydia pomonella females than a commercial white delta trap, which is effective for trapping male C. pomonella by using a pheromone lure (Knight 2010) . Clear delta traps baited with food baits also outperformed colored traps for trapping Grapholita molesta and Anarsia lineatella Zeller (Knight et al. 2010) . Improvement of trap capture by modifying the visual appearance of the trap to mimic the host plant also has been shown for other insect pests by using kairomone-based lure baited traps in the Þeld (Cornelius et al. 1999) .
Determining the insect species-speciÞc visual cue appears important in improving the efÞciency of a trap. Although our ßight tunnel results showed an increase in the proportion of female grape berry moths entering traps with visual cues added, not all the visual changes we attempted were effective. For example, changing the color of the delta trap from white to green did not affect the trap entry rate. In addition, making the wing trap clear did not result in the similar improvement we observed with making the delta trap clear. These results are similar with other studies suggesting the need for speciÞcity with respect to the visual cue. For example, manipulating trap colors, including red (Hoel et al. 2007) , yellow (Kostal and Finch 1996 , Kendrick and Raffa 2006 , Roubos and Liburd 2008 , Van den Berg et al. 2008 , orange (Knight and Fisher 2006) , light blue (Schmera et al. 2004) , purple (Francese et al. 2008) , and green (Epsky et al. 1995, Roubos and Liburd 2008) has been shown to speciÞcally increase the trap capture for different insect pest species. It also has been shown that variations in hue and chroma of a particular color or the reßec-tance spectra of the color could affect behavior of insects and the trap performance (Owens and Prokopy 1986 , Duan and Prokopy 1992 , Piñ ero et al. 2006 .
It is still unclear why adding a visual pattern increased trap entry in the ßight tunnel and whether adding different visual patterns could further increase the trap performance for grape berry moth. It has been shown that insects tracking the plume of a behaviorally relevant odor require multimodal integration of visual and chemical cues (Gilbert and Kuenen 2008) . It is possible that the shadows from the visual pattern that we added to the clear delta trap could have provided enough contrast for optomotor cues that can enhance odor-seeking behavior of moths Baker 1982, Vickers and Baker 1994) , similarly as the ceiling and ßoor pattern in the ßight tunnel increased female grape berry moth ßight in the ßight tunnel (Cha et al. 2008b) .
Establishing effective monitoring programs for female grape berry moth, to replace the use of pheromone traps for male grape berry moth, would be a more direct approach to predicting the seasonal periods of oviposition and the potential risk of damage in vineyards. Considering high level of maintenance necessary for the oil-coated clear panel traps, our results suggest that the clear delta trap could be a viable alternative to the panel trap in monitoring female grape berry moth, although additional modiÞcations, possibly involving visual cues, will be necessary to increase trap capture rates.
